SUMMARY The gait of normal subjects was examined electromyographically and the pattern was altered during preferential blockade of large nerve fibres to alternating activity in flexor and extensor muscles.
The term dystonia implies a disorder of the extrapyramidal system in which the limbs become fixed in an abnormal posture as the result of synchronous activity in the antagonistic muscles operating at a joint. Denny-Brown (1962 has described three fundamental patterns of dystonic postural fixation-namely, hemiplegic dystonia, flexion dystonia (as seen in Parkinson's disease), and torsion dystonia (as in dystonia musculorum deformans). Recently, Yanagisawa and Goto (1971) have analysed dystonia musculorum deformans electromyographically and found that 'tonic non-reciprocal involuntary innervation appeared in both agonists and antagonists at rest', and that this coactivation 'was intensified by assumption of any active posture'. In an electromyographic analysis of rigidity in Parkinsonism Andrews, Burke, and Lance (1973) noted that the static and dynamic tonic stretch reflexes of hamstrings and quadriceps muscles became maximal while the knee was still in a slightly flexed position in some patients. These I Edwin and Daisy Street Research Fellow in Neurology. Address for reprints: as above.
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authors were unable to explain this phenomenon on any known segmental mechanism and suggested that it might be a manifestation of flexion dystonia. This characteristic response was not altered by successful L-dopa therapy ) despite a dramatic reduction in rigidity judged both clinically and electromyographically. It 
METHODS
The tonic stretch reflexes of the hamstring and quadriceps muscles were analysed electromyographically in 17 patients with Parkinsonism, the subject of a previous study (Andrews, Burke, and Lance, 1972 EXTENSOR MUSCLES The EMG activity of quadriceps differed from that of gastrocnemius-soleus during the walking cycle. In quadriceps, EMG activity occurred in the first extension phase, and increased in the second extension phase (Fig. 1) . In the gastrocnemius-soleus muscle EMG activity was absent or of very short duration in the first extension phase and showed little alteration between the second and third extension phases. The EMG activity in the third extension phase often ceased before the foot was lifted.
Peripheral ischaemia for 23 to 25 minutes was sufficient to block the ankle jerk and during this state of preferential block of large afferent nerve fibres the subject was aware of loss of proprioception while walking despite preservation of joint position sense to clinical testing. The loss of proprioception was reflected in the oscillation of the accelerometer trace recorded during foot lifting and foot placement (flexion and first extension phase) (Fig. 2) .
The EMG activity in gastrocnemius-soleus became pronounced in the first extension phase and was maintained longer in the third extension phase, being present until foot lifting occurred.
FLEXOR MUSCLES The EMG of the flexors of the knee and dorsiflexors of the ankle also showed differences during walking. Foot lifting was always associated with EMG activity in tibialis anterior but not usually in hamstrings, irrespective of the speed of walking (Fig. 1) . Occasional subjects showed EMG activity in tibialis anterior before foot lifting but this was absent in some walking cycles and appeared only rarely in most subjects. Foot placement was always associated with EMG activity in flexors of the knee and ankle. Preferential ischaemic block appeared to disrupt the EMG activity in flexors more than extensors. The most consistent feature was the maintenance of EMG activity between foot lifting and foot placement (Fig. 2) rigidity without any 'freezing' phenomenon showed EMG recordings similar to those of normal subjects, except that in gastrocnemiussoleus EMG activity was more prominent in the first extensor phase, and the peaks of EMG activity in tibialis anterior associated with foot lifting and placement were not so easily recognizable because of the greater background of EMG activity during the walking cycle (Fig. 3) .
'FREEZING ' The EMG recordings of gait appeared relatively normal during walking until the patient 'froze', when the tracings became completely abnormal. On attempting to walk around a chair or during mental activation these patients would lift their heels off the ground and then shuffle a distance of only a few inches at the time, the shuffling movement being performed commonly while the heel was off the ground. On occasions the patients fell onto their knees. The electromyographic recordings were consistently the same in all patients. The onset of EMG activity in gastrocnemius-soleus was followed approximately 50-70 msec later by activity in tibialis anterior, which thus appeared to splint the limb. This coactivation of extensor and flexor muscles was associated with 'shuffling' which resulted in a deflection of the accelerometer trace (Fig. 4) flexor activity slightly before extensor activity and then coactivation of both muscles. Activity in the gastrocnemius-soleus and hamstrings muscles probably gives the characteristic posture before 'freezing' which is followed by the coactivation of flexors and extensors which is responsible for the 'freezing'. In dystonia musculorum deformans tonic non-reciprocal, involuntary activity appears in agonists and antagonists and this dystonia is directly stimulated by postural effort or by attempted voluntary movement (Yanagioawa and Goto, 1971 were subject to 'freezing' and this initially responded well to L-dopa therapy. In two patients 'freezing' reappeared associated with a general deterioration. In three patients 'freezing' appeared for the first time during L-dopa therapy.
DISCUSSION
The observations on the gait of normal man reported here differ from those on the hind limb of the cat during unrestrained locomotion as described by Engberg and Lundberg (1969) .
Foot lifting in the cat is associated with EMG activity in semitendinosus, while in man EMG activity in the flexors of the knee is usually absent. This is not surprising considering the differences in the posture of the hind limb of cat and man. Engberg and Lundberg (1969) have suggested that stepping may require a centrally programmed alternating activity in flexor and extensor muscles on which proprioceptive reflexes are superimposed. Since muscles acting across two joints, which flex the hip and extend the knee have interconnections of type Ia nerve fibres in the spinal cord different from those of the flexors of the knee and ankle, the above workers have been able to explain the gait in the cat on the hypothesis mentioned above. . Rigidity is found predominantly in the flexor muscles of upper and lower limbs irrespective of the severity of the disease (Andrews et al., 1973) . The present study demonstrates that the 'freezing' gait of Parkinson's disease is probably a manifestation of dystonia and occurs only when flexion dystonia is present.
Recently Thompson (1972) reported that 3200 of his patients with Parkinsonism have lost some of their initial response to L-dopa therapy, the average onset of deterioration occurring after 18 months. A similar distressing observation has been noted in this brief study over two years, the limitation of the deterioration to the group with flexion dystonia, and 'freezing' of gait has been a prominent feature of this deterioration. Recently Neilson and Andrews (1973) have compared the reflexes elicited during passive manipulation of a limb with the reflex responses evoked during activity in athetosis and found the resting tonic stretch reflexes and action tonic stretch reflexes differed in sensitivity, pattern, duration, and timing. It is likely that a similar discrepancy also occurs in Parkinson's disease and that both the action stretch reflexes and dystonic manifestations contribute to bradykinesia. Denny-Brown (1962) has postulated that the flexion dystonia of Parkinson's disease can be attributed to associated lesions in the globus pallidus. It is possible that such a pallidal lesion could deteriorate progressively, while synaptic transmission in the nigrostriatal pathway was improved by the use of L-dopa. This study suggests that the response to chronic therapy with L-dopa should be analysed in a large series, not only with respect to bradykinesia, rigidity, and tremor (including the resting alternating tremor and the action synchronous tremor of Parkinson's disease), but also with attention to the dystonic manifestations.
